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Abstract
The aim of the study was to obtain normal values for the colour-arrangement test, Roth 28-hue desaturated. In 146 healthy
non-smokers colour vision was tested monocularly. The subjects were divided into four age groups: 0–19, 20–39, 40–59, and
60–79 years. The overall error score for all groups was 54924 (median 9 mean absolute deviation). The values for the 20–39
year group were significantly lower than those for the other groups (Kruskal-Wallis: PB0.0001 with subsequent multiple
Mann-Whitney test). An increasing predominance of errors along the blue-yellow-axis was observed with increasing age. The error
scores of normal subjects tested by the Roth 28-hue desaturated were comparable with those on the well-known Farnsworth-Mun-
sell 100-hue (FM-100). Because the Roth 28-hue desaturated is shorter and simpler to administer, it is an alternative to the
FM-100 in situations that need to assess colour discrimination and error axis quantitatively and quickly. © 1998 Elsevier Science
Ltd. All rights reserved.
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1. Introduction
For numerous reasons quantitative colour-vision
testing has not become a part of routine ophthalmolog-
ical examinations. First of all, it is difficult to obtain
reliable results in a reasonable time. For example, the
Farnsworth-Munsell 100-hue (FM-100) is too compli-
cated and time-consuming for both patient and oph-
thalmologist. On the other hand, screening tests, such
as the Ishihara pseudoisochromatic plates, are quick
and simple to use, but they are limited and colour
discrimination ability cannot be quantitatively evalu-
ated. Other tests, such as the Farnsworth D 15, are not
exact enough because the chromaticity steps are too
large and a reliable error score cannot be calculated.
On the other hand, desaturated versions such as the
Panel D 15 desaturated (Lanthony, Adams) are much
more sensitive. Recently, computer-aided colour tests
have been developed, but these are compromises limited
by the characteristics of the phosphors and they are
expensive.
Nevertheless, testing of colour vision can contribute
considerably in monitoring drug therapy or in detecting
early visual disturbances related to e.g. systemic dis-
eases. Thus, colour-vision testing should be performed
more frequently in clinical routine.
Therefore we evaluated the cap-sorting test, Roth
28-hue desaturated, to determine its practical use and
the variation of error scores over age in a normal
population.
2. Methods
2.1. Patients
One hundred and forty six subjects (F:58; M:88) un-
derwent an ophthalmological examination at the Uni-
versity Eye Hospital Tu¨bingen between 1993 and 1996,
after giving informed consent. Inclusion criteria were:
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no systemic diseases, such as hypotension, arterial hy-
pertension, vasospastic syndromes (e.g. migraine or
Raynaud’s syndrome), diabetes mellitus, coronary heart
disease or stroke, no medications (e.g. anticonceptiva),
no smoking, no alcohol abuse, and no history of oph-
thalmological surgery (e.g. cataract extraction) or oph-
thalmological diseases.
The ophthalmological examination consisted of a
slit-lamp examination, test of visual acuity and refrac-
tion and, after colour-vision testing, measurement of
the intraocular pressure with Goldmann applanation
tonometry. Best-corrected visual acuity had to be at
least 0.8(20:25), and the intraocular pressure had to be
within normal limits (right eye: 1592 mmHg, left eye:
1492 mmHg). Only subjects who could read Ishihara
plates without any errors, were included.
2.2. Colour test
The cap-sorting test, Roth 28-hue (Luneau, Paris),
first described by Roth [1,2], also exists as a desaturated
version with Munsell colours of value 8 and chroma 2.
The test uses the equivalent of every third colour cap
from the FM-100 as a desaturated probe. The subject is
required to arrange 27 of the caps in a circular sequence
with respect to a fixed reference cap. The background
used was black cardboard, illuminated by two Osram
fluorescent lamps (color rendering index: 93; colour
temperature: 6000 K), placed 1 m above the test table
and providing 4800 lux at the test table. When neces-
sary, the subject s visual acuity was corrected for near
vision. Gloves were used to protect the surface of the
colour caps. Each subject was tested right eye first,
followed by the left eye. After an explanation of the test
all colour caps were removed and mixed. There was no
time limit for the test, and the subject was allowed to
make corrections.
The results are shown on diagrams, which also depict
the direction of axes corresponding to several types of
colour-vision defects. These axes were calculated by
Roth for the 28-hue test from experiments carried out
by Verriest [3] with the FM-100 [4].
Fig. 1. Distribution of error scores in normal subjects.
2.3. Calculation of error scores
All data were sorted into four age groups: B20, 20–
39, 40–59, and 60–79 years. The Roth 28-hue desatu-
rated is a subset of the FM-100. Therefore, the colour
caps of this test are numbered with every third number
from 1 to 82. Cap number 82 is fixed and defined as the
starting and end point. Calculation of global error
score was described by Erb et al. [5], error scores for
the red-green (R-G) and the blue-yellow (B-Y) axes
were calculated as described by Trick et al. [6]. The
distribution of error scores (Fig. 1) was not Gaussian.
Therefore, we used non-parametric tests for analytical
statistics.
3. Results
The median error score with mean absolute deviation
was 54924 (Table 1). Of the age groups, the age group
20–39 years had a significantly lower mean error score
(Kruskal-Wallis: PB0.0001, followed by multiple
Mann-Whitney rank test, Table 2) than did the other
age groups. Between the right and the left eyes, a small
increase in the error score was detected, but this was
Table 1
Means, S.D., medians, minima and maxima of the error scores, for the total results and divided into four age groups
Total B20 years 20–39 years 40–59 years 60–79 years
146 34Count 76 30 6
12 540 18Minimum 0
174 126Maximum 144 174 150
54 66Median 42 81 93
24 12M.A.D. 18 27 27
61.4 67 48.8 80 96Mean
34.3 26.7 32 33.6 36.4S.D.
M.A.D.mean absolute deviation; S.D.standard deviation
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Table 2
Multiple Mann-Whitney rank test, split by age group
P-valueAge group (years)
0–19 versus 20–39 0.0008
0.14440–19 versus 40–59
0–19 versus 60–79 0.0868
B0.000120–39 versus 40–59
20–39 versus 60–79 0.0045
0.339540–59 versus 60–79
the saturated version has no advantage over other tests,
because it is too insensitive to detect subtle acquired
colour-vision disturbances. We therefore focused on the
desaturated version. No evaluation of normal values
has been previously done, with the exception of our
own preliminary results [5]. We prefer this test to the
standard colour test for clinical use, the FM-100, owing
to the several disadvantages of the latter [12].
Additionally, colour-vision examination with the
anomaloscope is difficult in screening situations; e.g.
Pinckers [13] stated that in about 35% of his patients a
reliable anomaloscope examination was not possible.
Furthermore, 2° visual-field tests, such as the cap-sort-
ing tests, seem to be more sensitive to age-dependent
B-Y disturbances than are colour plate tests with a
visual field of 8° [14].
Our test-set up corresponds with that of other studies
of the FM-100. For example, black cardboard was used
[15,16], and we examined monocularly because it is
often important to separately monitor the progression
of colour-vision deficits in each eye. Like others [15–
17], we always tested the subject’s right eye first. Se-
quential monocular testing allowed a statistical
comparison of the two eyes, giving an indication of the
effect of learning on the test scores. In contrast to
results by the FM-100 [15,17], we could not find a
decrease in the error score of the left eye compared with
that of the right eye. This suggests that there was no
‘intra-test’ learning by the Roth 28-hue desaturated.
For statistical analysis we did not use the square-root
transformation of the raw scores, as proposed by Kin-
near [18] because, in accordance with Lakowski [19], we
found no advantage in this transformation. The equal
distribution at both ends of the error scale produced by
square-root transformation was not useful in clinical
situations where we are particularly interested in those
with large error scores. The non-Gaussian distribution
of the raw error scores could be handled well with
non-parametric tests. With the calculation of the raw
scores we increase the power of the statistical results.
The overall error sum of the total population of 61.4
with a S.D. of 34.3 was very similar to those with the
FM-100 ([3]: 62.1932.6, [20]: 66.4942.9). The similar-
ity between males and females is also like the results of
previous studies (e.g. see Ref. [17]).
We examined only subjects who had no ocular and,
above all, no systemic diseases, nor any medications or
alcohol abuse, which could be responsible for acquired
colour-vision deficiencies [21–24]. Additionally, they
had a visual acuity ]0.8(20:25). These strict exclusion
criteria were used to obtain uninfluenced normal error
scores so that small changes in acquired colour-vision
deficiencies can be detected. This is in agreement with
Stone et al. [15], who mentioned that the sensitivity of
any clinical test is maximized when a score from an
abnormal individual has the greatest difference from
not statistically significant (Wilcoxon signed-rank test:
PB0.15). There was a slight difference in the mean age
of males (28912) and females (35914), which may
account for a slightly higher median error score for the
females (m54924, f60921). Within each individ-
ual age group, there was no significant difference
(Mann-Whitney). We found a slightly increased domi-
nance of error score in the B-Y axis compared with that
of the R-G axis in older subjects (Fig. 2).
4. Discussion
The intention of this study was to obtain normal
values for the colour-arrangement test, Roth 28-hue
desaturated, for different age groups. Although clinical
use of the saturated version has been evaluated in only
a few studies [7–9], a method for calculating a colour
deficiency score has been presented [4,10]. Despite this
improvement, the saturated version of this test has not
been used extensively, and, therefore, clinical experience
is limited [11]. The authors’ own experience was that
Fig. 2. Box plot showing the ratios of errors in the blue-yellow and
red-green axis, respectively to total error score in different age classes.
The 10, 25, 50, 75 and 90% percentiles are shown.
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scores in the normative data set. On the other hand,
these criteria were the reason for the low number of
subjects in the group 60–79 years. Therefore, only
tentative error score values were available for this age
group. Additionally, we cannot guarantee our subjects
to be absolutely healthy, despite our exclusion criteria.
We used a high level (4800 lux) of illumination. Our
concern was that desaturated colours are difficult to
differentiate, and therefore the Roth 28-hue desaturated
would become too sensitive to unrelated visual distur-
bances, such as in beginning cataract. On the other
hand, this high illuminance could result in the test
becoming too unspecific. To test our conditions, we
made studies with patients with a sudden hearing loss
[25]. In this examination, we were able to detect slight
changes in colour vision. Nevertheless, we intend to
evaluate the most appropriate illuminance level for this
test in further studies.
Interestingly, the age group 20–39 years had the
lowest average error score, and this is in accordance
with the literature on the FM-100 [3,15–17,26]. Several
explanations are possible: subjects below 20 years of
age often have concentration difficulties in performing
the FM-100 [27]. Elderly subjects are handicapped by a
loss of ocular transparency [28], particularly at short
wavelengths [29]. Changes in the macula, such as in-
creased deposits of lipofuscin, and alterations of the
retinal pigment epithelium can alter colour vision in a
similar manner. Additionally, the elderly often have
only a short attention span. The Roth 28-hue desatu-
rated reflects these wavelength-specific changes in an
increasing dominance of error scores in the B-Y axis.
This is in agreement with the results of the FM-100
[30]. Therefore, we must now qualify concerning our
initial observation in a preliminary study [5] that the
error score has a tendency to be relatively stable with
regard to age. This initial observation was based on
only a small number of subjects over 40 years of age,
and the tendency of progression with age is now clear.
As a reliable, sensitive, and quick colour-arrange-
ment test, we can recommend the Roth 28-hue desatu-
rated for practical applications. The main advantage is
that with regard to age and to the B-Y axis it behaves
similar to the FM-100, but with much less time and
expense.
References
[1] Roth A. Test-28 hue de Roth selon Farnsworth–Munsell (Man-
ual). Paris: Luneau, 1966.
[2] Roth A. Le test 28-hue selon Farnsworth. Bull Soc Ophtalmol
Fr 1966;66:231–8.
[3] Verriest G. Further studies on acquired deficiency of color
discrimination. J Opt Soc Am 1963;53:185–95.
[4] Steinschneider T. A new method for presenting the results of the
28-hue test by means of numerical score. In: Verriest G, (editor).
Colour-vision Deficiencies VIII Documenta Ophthalmologica
Proceedings Series 46. Dordrecht: Nijhoff:Junk, 1987:151–155.
[5] Erb C, Adler M, Stu¨biger N, Wohlrab M, Thiel HJ. Evaluation
of the desaturated Roth 28-hue colour test-preliminary results.
In: Cavonius CR, (editor). Colour-vision Deficiencies XIII Doc-
umenta Ophthalmologica Proceedings Series 59. Dordrecht:
Kluwer, 1997:323–329.
[6] Trick GL, Burde RM, Gordon MO, Santiago JV, Kilo C. The
relationship between hue discrimination and contrast sensitivity
deficits in patients with diabetes mellitus. Ophthalmology
1988;95:693–8.
[7] Roth A. Le sens chromatique dans l’ amblyopie functionelle.
Doc Ophthalmol 1968;24:113–200.
[8] Smith DP. The assessment of acquired dyschromatopsia and
clinical investigation of the acquired tritan defect in dominantly
inherited juvenile atrophy. Am J Optom 1972;7:574–88.
[9] Steinschneider T. Correlation between results of 28-hue test and
loss of visual field in glaucoma (preliminary results). In: Drum B,
Moreland JD, Serra A, (editors). Colour-vision Deficiencies X
Documenta Ophthalmologica Proceedings Series 54. Dordrecht:
Kluwer, 1991: 543–549.
[10] Steinschneider T, Polotsky O. Combined computer program for
the Farnsworth D-15 and Roth 28-hue tests. In: Drum B,
Moreland JD, Serra A, (editors). Colour-vision Deficiencies X
Documenta Ophthalmologica Proceedings Series 54. Dordrecht:
Kluwer, 1991:229–233.
[11] Amos JF, Piantanida TP. The Roth 28-hue test. Am J Optom
Physiol Opt 1977;54:171–7.
[12] Birch J. Diagnosis of Defective Colour Vision. Oxford: Oxford
University Press, 1993:99.
[13] Pinckers A. Minimal requirements for colour-vision examina-
tion. In: Verriest G, (editor). Colour-vision Deficiencies VI Doc-
umenta Ophthalmologica Proceedings Series 33. Dordrecht:
Kluwer, 1982:169–173.
[14] Pinckers A. Clinical colour-vision examination. In: Verriest G,
(editor). Colour vision Deficiencies VII Documenta Ophthalmo-
logica Proceedings Series 39. Dordrecht: Kluwer, 1984:171–179.
[15] Stone EM, Nichols BE, Wolken MS, Montague PR, Thompson
HS. New normative data for the Farnsworth-Munsell 100-hue
test. In: Drum B, (editor). Colour-vision Deficiencies XI Docu-
menta Ophthalmologica Proceedings Series 56. Dordrecht:
Kluwer, 1993:303–320.
[16] Vaegan, A, Banks, A, Gathy, A, Hamer, A, Phonesouk, S,
Perry, S, Capon, M. The relationship between colour-vision loss,
contrast sensitivity loss and aging. In: Drum B, (editor). Colour-
vision deficiencies XI Documenta Ophthalmologica Proceedings
Series 56. Dordrecht: Kluwer, 1993:195–211.
[17] Verriest G, Van Laethem J, Uvijla A. A new assessment of the
normal ranges of the Farnsworth–Munsell 100-hue testscores.
Am J Ophthalmol 1982;93:635–42.
[18] Kinnear PR. Proposals for scoring and assessing the 100-hue
test. Vis Res 1970;10:423–33.
[19] Lakowski, R. Uses and abuses of the Farnsworth-Munsell 100-
HUE test. In: Drum B, Verriest G, (editors). Colour-vision
deficiencies IX Documenta Ophthalmologica Proceedings Series
52. Dordrecht: Kluwer, 1989:375–395.
[20] Aspinall PA. Inter-eye comparison on the 100-hue test. Acta
Ophthalmol 1974;52:307–16.
[21] Lyle WM. Drugs and conditions which may affect color vision,
Part I Drugs and chemicals. J Am Optom Assoc 1974;45:47–61.
[22] Lyle WM. Drugs and conditions which may affect color vision,
Part II Diseases and conditions. J Am Optom Assoc
1974;45:173–82.
[23] Zrenner E, Riedel KG, Adamczyk R, Gilg T, Liebhardt E.
Effects of ethyl alcohol on the electrooculogram and color
vision. Doc Ophthalmol 1986;63:305–12.
C. Erb et al. : Vision Research 38 (1998) 3467–3471 3471
[24] Hart WM. Acquired dyschromatopsias. Surv Ophthalmol
1987;32:10–31.
[25] Erb C, Preyer S, Thiel HJ. Ophthalmologische Befunde bei
Patienten mit Ho¨rsturz. Ophthalmologe 1996;93:433–9.
[26] Pinckers A. Color vision and age. Ophthalmologica
1980;181:23–30.
[27] Verriest G. Colour-vision tests in children: I literature survey.
Atti Fond Giorgio Ronchi 1981;36:83–90.
[28] Lerman S, Borkman RF. Photochemistry and lens aging. In:
Inter-disciplinary Topics of Gerontology, vol. 13. Basel: Karger,
1978:154–182.
[29] Polo V, Pinilla I, Abecia E, Larrosa JM, Pablo LE, Honrubia
FM. Assessment of the ocular media absorption index. Int
Ophthalmol 1997;20:7–9.
[30] Smith VC, Pokorny J, Pass AS. Color-axis determination on the
Farnsworth-Munsell 100-hue test. Am J Ophthalmol
1985;100:176–82.
.
